Key indicators: single-crystal X-ray study; T = 293 K; mean (C-C) = 0.002 Å; R factor = 0.035; wR factor = 0.098; data-to-parameter ratio = 12.8. organic compounds o368 Mohandas et al.
In the title compound, C 28 H 19 FN 2 O, the phenanthrene fused with an imidazole ring, constituting an essentially planar tetracyclic system [maximum deviation = 0.032 (2) Å ], makes dihedral angles of 60.83 (4) and 80.55 (4) with the fluorobenzene and methoxybenzene rings, respectively. The dihedral angle between the the methoxybenzene and fluorobenzene rings is 69.45 (6) . In the crystal, C-HÁ Á ÁO hydrogen bonds connect the molecules into infinite strands along the b axis. The crystal structure is further consolidated by C-HÁ Á Á interactions.
Related literature
For background to the supramolecular architecture of phenanthrene derivatives, see: Krebs & Spanggaard (2002) ; Bian et al. (2002) ; Che et al. (2008) ; Stephenson & Hardie (2006) . For the crystal structures of closely related compounds, see: Yuan et al. (2011) ; Krebs et al. (2001) .
Experimental
Crystal data Table 1 Hydrogen-bond geometry (Å , ).
Cg1, Cg2 and Cg3 are the centroids of the N1/C7/N2/C15/C16, C1-C6 and C15-C17/C22/C23/C28 rings, respectively. Symmetry codes: (i) x; y; z þ 1; (ii) Àx þ 1; Ày; Àz þ 1; (iii) x; y þ 1; z; (iv) Àx þ 2; Ày; Àz þ 1.
Data collection: APEX2 (Bruker, 2008) ; cell refinement: APEX2 and SAINT (Bruker, 2008) ; data reduction: SAINT and XPREP (Bruker, 2008) ; program(s) used to solve structure: SHELXS97 (Sheldrick, 2008) ; program(s) used to refine structure: SHELXL97 (Sheldrick, 2008) ; molecular graphics: PLATON (Spek, 2009) ; software used to prepare material for publication: PLATON.
2-(4-Fluorophenyl)-1-(4-methoxyphenyl)-1H-phenanthro[9,10-d]imidazole T. Mohandas, R. Sathishkumar, P. Sakthivel and J. Jayabharathi Comment 1H-phenanthro[9,10-d] imidazole can be used as a planar synthetic building block in supramolecular chemistry (Krebs & Spanggaard, 2002) . Its derivatives are commonly used as ligands in metal complexes (Bian et al., 2002) . Some phenanthrene derivatives have excellent coordinating abilities and have been used to build supramolecular architechture (Che et al., 2008; Stephenson & Hardie, 2006) . We have synthesized the title compound in our laboratory and determined its crystal structure which is reported in this article.
The bond lengths and bond angles in the title compound ( Fig. 1 ) are normal and agree very well with the corresponding bond lengths and bond angles reported for closely related compounds (Yuan et al., 2011; Krebs et al., 2001) . The tetracyclic ring system is essentially planar (maximum deviation = 0.032 (2) Å). The dihedral angle between the fluorobenzene ring and the phenanthrene tetracyclic system is 60.83 (4)° and to that of the benzene ring of methoxybenzene is 80.55 (5)°. The dihedral angle between the methoxybenzene and the fluorobenzene rings is 69.45 (6)°. The maximum deviation of C8 atom from the mean plane of the methoxy benzene is -0.021° and that of C7 atom from that of fluorobenzene is 0.059 Å.
In the crystal packing, the molecules are linked by C-H···O intermolecular interactions into infinite chains running paralell to the b axis. The crystal structure is further stabilized by C-H···Cg interactions (Table 1) , where Cg1 is the centre of gravity of N1/C7/N2/C15/C16, Cg2 is the center of gravity of C1-C6 and Cg3 is the center of gravity of C15/C16/C17/C22/C23/C28.
A mixture of phenanthrene-9,10-dione (1.0 g, 4.8 mmol), ammonium acetate (1.48 g, 19.2 mmol), 4-fluorobenzaldehyde (0.6 g, 4.3 mmol) and 4-methoxy aniline (2.95 g, 24 mmol) were refluxed in ethanol (20 ml) at 353 K. The reaction was monitored by TLC and purified by coloumn chromotography using petroleum ether:ethyl acetate (9:1) as the eluent. Yield: 0.84 g(50%). The compound was dissolved in dimethyl sulfoxide and allowed to evaporate slowly, until single crystals were grown.
Refinement
The hydrogen atoms were placed in calculated positions with C-H = 0.93 Å to 0.96 Å, refined in the riding model with fixed isotropic displacement parameters: U iso (H) = 1.5U eq (C)for methyl group and U iso (H) = 1.2U eq (C)for other groups.
Computing details
Data collection: APEX2 (Bruker, 2008) ; cell refinement: APEX2 and SAINT (Bruker, 2008) ; data reduction: SAINT and XPREP (Bruker, 2008) ; program(s) used to solve structure: SHELXS97 (Sheldrick, 2008) ; program(s) used to refine structure: SHELXL97 (Sheldrick, 2008) ; molecular graphics: PLATON (Spek, 2009) ; software used to prepare material for publication: PLATON (Spek, 2009 ). supplementary materials sup-2 Acta Cryst. (2013). E69, o368
Figure 1
The molecular structure of the title compound with displacement ellipsoids for non-H atoms drawn at the 30% probability level.
Figure 2
A unit cell packing diagram for the title compound. Intermolecular hydrogen bonds are shown as dashed lines.
2-(4-Fluorophenyl)-1-(4-methoxyphenyl)-1H-phenanthro[9,10-d]imidazole
Crystal data 
where P = (F o 2 + 2F c 2 )/3 (Δ/σ) max < 0.001 Δρ max = 0.16 e Å −3 Δρ min = −0.22 e Å −3 Extinction correction: SHELXL97 (Sheldrick, 2008) , Fc * =kFc[1+0.001xFc 2 λ 3 /sin(2θ)] -1/4 Extinction coefficient: 0.024 (2) Special details Geometry. Bond distances, angles etc. have been calculated using the rounded fractional coordinates. All su's are estimated from the variances of the (full) variance-covariance matrix. The cell e.s.d.'s are taken into account in the estimation of distances, angles and torsion angles. Refinement. Refinement of F 2 against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F 2 , conventional R-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > σ(F 2 ) is used only for calculating R-factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based on F 2 are statistically about twice as large as those based on F, and R-factors based on ALL data will be even larger.
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å 2 ) C6 0.0603 (9) 0.0570 (9) 0.0387 (7) −0.0216 (8) −0.0182 (7) −0.0045 (7) C7 0.0326 (6) 0.0360 (7) 0.0339 (7) −0.0071 (5) −0.0095 (5) −0.0032 (5) C8 0.0375 (7) 0.0349 (7) 0.0307 (6) −0.0102 (5) −0.0087 (5) −0.0023 (5) C9 0.0343 (7) 0.0494 (8) 0.0397 (7) −0.0076 (6) −0.0068 (6) −0.0006 (6) C10 0.0440 (8) 0.0481 (8) 0.0467 (8) −0.0072 (6) −0.0201 (6) 0.0020 (6) C11 0.0546 (8) 0.0445 (8) 0.0333 (7) −0.0209 (6) −0.0156 (6) 0.0017 (6) C12 0.0419 (8) 0.0664 (10) 0.0369 (7) −0.0213 (7) −0.0046 (6) 0.0022 (7) C13 0.0354 (7) 0.0552 (9) 0.0420 (8) −0.0121 (6) −0.0121 (6) 0.0013 (6) C14 0.0953 (15) 0.150 (2) 0.0433 (10) −0.0706 (15) −0.0220 (10) 0.0309 (11) C15 0.0314 (6) 0.0392 (7) 0.0331 (7) −0.0088 (5) −0.0088 (5) −0.0047 (5) C16 0.0326 (6) 0.0390 (7) 0.0330 (7) −0.0086 (5) −0.0095 (5) −0.0044 (5) C17 0.0331 (7) 0.0463 (7) 0.0333 (7) −0.0092 (6) −0.0094 (5) −0.0045 (6) C18 0.0495 (8) 0.0493 (8) 0.0370 (7) −0.0104 (6) −0.0136 (6) −0.0018 (6) C19 0.0598 (9) 0.0637 (10) 0.0354 (8) −0.0143 (8) −0.0147 (7) 0.0031 (7) C20 0.0605 (10) 0.0765 (11) 0.0333 (7) −0.0145 (8) −0.0139 (7) −0.0086 (7) C21 0.0499 (8) 0.0625 (9) 0.0419 (8) −0.0117 (7) −0.0119 (7) −0.0162 (7) C22 0.0324 (7) 0.0495 (8) 0.0376 (7) −0.0090 (6) −0.0095 (5) −0.0092 (6) C23 0.0324 (7) 0.0450 (8) (14) O1-C14-H14C 109.00 C8-C13-C12 120.40 (14) H14A-C14-H14B 109.00 N2-C15-C16 104.95 (11) H14A-C14-H14C 109.00 N2-C15-C28 132.25 (11) H14B-C14-H14C 110.00 C16-C15-C28 122.79 (12) C17-C18-H18 120.00 N1-C16-C15 111.44 (11) C19-C18-H18 120.00 N1-C16-C17 126.47 (11) C18-C19-H19 120.00 C15-C16-C17 122.10 (12) C20-C19-H19 120.00 C16-C17-C18 121.87 (12) C19-C20-H20 120.00 C16-C17-C22 117.60 (12) C21-C20-H20 120.00 C18-C17-C22 120.53 (12) C20-C21-H21 119.00 C17-C18-C19 120.48 (14) C22-C21-H21 119.00 C18-C19-C20 119.75 (15) C23-C24-H24 119.00 C19-C20-C21 120.61 (14) C25-C24-H24 119.00 C20-C21-C22 121.54 (15) C24-C25-H25 120.00 C17-C22-C21 117.08 (13) C26-C25-H25 120.00 C17-C22-C23 120.21 (12) C25-C26-H26 120.00 C21-C22-C23 122.71 (13) C27-C26-H26 120.00
Hydrogen-bond geometry (Å, º)
Cg1, Cg2 and Cg3 are the centroids of the N1/C7/N2/C15/C16, C1-C6 and C15-C17/C22/C23/C28 rings, respectively. 
